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WDDMAbstract Sinbad channel lies in West Delta Deep Marine Concession (WDDM) offshore Nile
Delta, Egypt. The southern part of the channel has been penetrated by an exploratory well
(Sinbad-1), but the well encountered a residual gas. The study is dedicated to assess the gas satura-
tion in the northern extension of the channel using the advanced rock physics methods and seismic
inversion techniques.
Rock physics models play a crucial role in seismic reservoir characterization studies. The Fluid
substitution method is the most commonly used technique using the application of Gassmann’s
equation.
Post-stack and Pre-stack seismic inversion have been done over the area, utilizing the seismic data
set along with the well log data to better understand the lithology and fluid distribution in the chan-
nel.
The main goal of the paper is to estimate the saturation of the gas at the eastern part so, after
applying the previous methods at study area the eastern part of Sinbad area is having the same
response of amplitude like the drilled area so we can conclude that the area has gas but we can’t
know if it is economic or residual.
 2016 Egyptian Petroleum Research Institute Published by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Rock physics models play a crucial role in seismic reservoir
characterization studies. The Fluid substitution method is themost commonly used technique using the application of Gass-
mann’s equation [3]. This method depends on changing the type
of fluid in the reservoir section to study the AVO response for
the new type of fluid using Shuey’s equation [7]. The result of
fluid substitution is the new Density, Vp and Vs which indicated
to the new reservoir characterization. Another model used is
the inversion which have a lot of methodology to achieve the
estimation of reservoir Characterization and it is divided to
Post-stack inversion and Pre-stack inversion. The Post-stack
Model-based inversion uses a generalized linear inversion, Egypt,
Figure 1 Location map shows the WDDM concession and Sinbad channel.
2 M. El-Bahiry et al.algorithm which established initial P-impedance model from
logs and wavelet and made a lot of iterations until there was
the minimum error between model and Seismic trace. The result
of Post-stack inversion is to create the acoustic impedance of
rocks (P-impedance). The Pre-stack inversion is another inver-
sion model using the separate angle gathers as an input (Near:
0–15, Mid: 15–30, Far: 30–45). This method needs a set of
wavelets and an initial model. The result is inverting the angle
gathers to P-Impedance, S-Impedance, and Vp/Vs ratio.Please cite this article in press as: M. El-Bahiry et al., Reservoir characterization us
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Sinbad-Da is located at the eastern part of the West Delta
Deep Marine concession, which lies offshore in the deep water
(250–1500 m) of the present day Nile Delta (Fig. 1). The major
tectonic features/controls on the license are the SW/NE trend-
ing, Rosetta Fault and the ENE-WSW trending NDOA anti-
cline. The well is considered the first well which penetrates
Sinbad sand (southern part). The Sinbad sand was a newing ﬂuid substitution and inversion methods, oﬀshore West Nile Delta, Egypt,
Figure 2 Fluid substitution work flow sketch.
Figure 3 Intercept versus gradient cross plot displaying location of AVO classes [6].
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and within the Upper Kafr El Sheikh Formation, targeting
Upper Pliocene Sands. Trap of Sinbad sand is a combination
stratigraphic/structural Trap. There is stratigraphic closure
(Sand margin pinch-out) along the length of the Sand. The
main risk associated with Sinbad-Da is with the trap effective-
ness. Some significant faults are apparent at the Northwest end
of the trap and the integrity of the seal is the principal risk ele-
ment. Isotope data indicates that WDDM gas/condensates are
derived from a mixture of biogenic activity and thermos genic
generation from supposed Oligo–Miocene shale.Please cite this article in press as: M. El-Bahiry et al., Reservoir characterization us
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TheGassmann equation has been used for the calculation of the
effects of fluid substitution on seismic properties using rock
frame properties [10]. These equations relate to the bulk modu-
lus of the rock, its frame, pore, and fluid properties. Thismethod
requires that the effect of the starting fluid first be removed prior
to modeling the new fluid [8] as the following equation.
Ksat ¼ Kdry þ
1 Kdry
Km
 2
U
Kf
þ 1U
Km
 Kdry
K2m
ðIÞing ﬂuid substitution and inversion methods, oﬀshore West Nile Delta, Egypt,
Figure 4 Model based post-stack seismic inversion workflow [2].
4 M. El-Bahiry et al.Ksat is the bulk modulus of the rock saturated with pore fluid.
Kdry is bulk modulus of the dry frame (drained of any pore fill-
ing fluid), Km is the bulk modulus of the mineral matrix (grain),
U porosity, and Kf is the bulk modulus of the pore fluid
3.1. Batzle and Wang fluid modeling
One of the shortfalls of the Gassmann equation [3] is that the
densities, bulk moduli, velocities, and viscosities of common
pore fluids are over simplified. [1] Defined empirical relation-
ships that estimate hydrocarbon bulk modulus (compressibil-
ity) and density based on reservoir temperature and pressure,
oil and gas gravity, gas to oil ratio (GOR), and salinity.
3.2. Fluid replacement work flow
The workflow used for fluid substitution as the following
(Fig. 2).
1. We have to calculate l and Ksat from the equations below;Figure 5 Flow chart outlining the steps
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l
q
) l ¼ V2S  q ðIIÞ
V2P ¼
Ksat þ ð4=3Þl
q
) Ksat ¼ ðV2P  qÞ=ð4=3  lÞ ðIIIÞ
where q is density and l is shear modulus
2. We calculate Kdry by Simplified Biot & Gassmann’s
equation;
Ksat
Km  Ksat ¼
Kdry
Km  Kdry þ
Kfl
;ðKm  KflÞ ðIVÞ
3. For mixture of fluids, the moduli could be estimated using
Wood’s equation;
1
Kfl
¼ Sw
Kw
þ 1 Sw
Khc
ðVÞ
where Khc is the hydrocarbon bulk modulus, Kw is the water
bulk modulus, Sw the water saturation.
4. The density will change, so we can calculate it from the
equation;
qfl ¼ Swqw þ ð1 SwÞqhc ðVIÞ
5. Calculate the new Ksat and use the new qfl to recalculate Vp
& Vs.
At end we use Shuey’s equation to study the AVO response
for the new type of fluid as the following
RðhÞ ¼ Aþ BSin2ðhÞ ðVIIÞ
where A & B is the intercept and gradient.
The relation between Intercept & Gradient Plot is as the
following (Fig. 3).
4. Amplitude-Versus Offset Analysis (AVO)
The reflection coefficient responses with offset are associated
with specific geologic settings and related to subsurface lithol-
ogy and pore fluid content. Seismic reflections from gas sands
exhibit a wide range of amplitude versus offset characteristics
and Provide guidelines in the AVO interpretation process. It is
divided to Post-stack inversion and Pre-stack inversion.
5. Seismic inversion
It is one of the seismic techniques which used to transform the
seismic data to another setting (P impedance) and it results
from Vp & q which are used later to predict lithology andof the pre-stack inversion workflow.
ing ﬂuid substitution and inversion methods, oﬀshore West Nile Delta, Egypt,
Figure 6 The seismic signature of Sinbad channel.
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reported [4].
We can extract the reflectivity from seismic by convolu-
tional model of the seismic trace according to the following
equation
S ¼W  ðRþNÞ ðVIIIÞ
where S is the seismic trace,W is the wavelet, R is the reflectiv-
ity and N is the noise and * denotes convolution. Noise is
assumed to be random and uncorrelated with the signal.
Reflectivity is the contrast in impedance between two
interfaces
R ¼ Z2 Z1
Z2þ Z1 ðIXÞ
where Z= V * q.
5.1. Model based post-stack seismic inversion
The model is an initial low frequency P-impedance model, gen-
erated from well data and horizons. Then perturb this model
until we obtain a good fit between the seismic data and a com-
puted synthetic trace (Fig. 4).
The basic approach is to minimize this function [5]
J ¼Weight1  ðSW  RÞ þWeight2  ðMH  RÞ ðXÞ
where
S= the seismic tracePlease cite this article in press as: M. El-Bahiry et al., Reservoir characterization us
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R= the final reflectivity
M= the initial guess model impedance
H= the integration operator which convolves with the
final reflectivity to produce the final impedance.
* = convolution.
5.2. Simultaneous pre stack seismic inversion
Seismic inversion is the process of calculating a subsurface
impedance model consistent with the seismic data. In general,
inversion increases the resolution of conventional seismic data
and puts the study of reservoir parameters at a higher level [9].
Various types of inversion have been defined over the years
each with its own strengths and limitations. Input data
required for an inversion includes; time/depth-migrated Pre-
stack and Post-stack data, a wavelet, an initial earth model
and picked horizons in TWT [9]. Fig. 5 shows the inversion
workflow.
The pre-stack inversion can simultaneously invert the
angels stack to P-impedance, S-impedance, Vp/Vs, and density.
The AVO inversion algorithm is an iterative process which
starts with an initial guess model, and proceeds to modify it
in a series of steps. Each step is guaranteed to produce a syn-
thetic match seismic data at least as good as the previous step.
The initial guess model can be critical in determining the final
result.ing ﬂuid substitution and inversion methods, oﬀshore West Nile Delta, Egypt,
Figure 7 Average Absolute Amplitude (AAA) map between the top and base channel.
6 M. El-Bahiry et al.The algorithm is a linearized solution. This means that the
possibility exists for the algorithm to become ‘‘trapped” in a
local minimum. The consequence is that the initial guess needs
to be reasonably close to the right answer. Also, one of the
inversion problems is the non-uniqueness. This is not a func-
tion of the particular algorithm, but rather a consequence of
the real data we are using to do the inversion – band limited
P-wave seismic data.6. Methodology & result
The scope of paper is using the Rock physics fluid substitution
and inversion method (Post Stack & Pre Stack), to know the
response of eastern part of channel if it contains an economic
gas or not.
So we start from 3D Seismic survey which has been done in
2006 and it shows the signature of Sinbad channel (Fig. 6).Please cite this article in press as: M. El-Bahiry et al., Reservoir characterization us
Egypt. J. Petrol. (2016), http://dx.doi.org/10.1016/j.ejpe.2016.05.005After the seismic interpretation of the channel and extract
the Average Absolute Amplitude (AAA) map between the
top and base of channel, it gives clear channel architecture
delineation (Fig. 7).
The first method used is the fluid substitution, which
reflects a specific fluid response before and after changing the
fluid type.
Sinbad channel contains a residual gas with 80% water, so
we will replace the water by gas to know the gas response.
Using the Microsoft office (Excel) & Hampson Russell
(HR) program we create Vp, Vs and density logs at 20% water.
Then we make comparison between the Vp, Vs and q at the
20% Sg (Blue) and 80% Sg (Red) (Fig. 8).
Fig. 9 shows the result of intercept and gradient by Shuey’s
equation for the water saturation from 10% until 90%.
As the previous figure the well is plotted as Class II at the
different saturation (90% Sw until 10% Sw) plotted as same
class and the reasons of that appear at Fig. 10.ing ﬂuid substitution and inversion methods, oﬀshore West Nile Delta, Egypt,
Figure 8 The comparison between the Vp, Vs and q at the 20% Sg (Blue) and 80% Sg (Red).
Figure 9 The comparison between the theoretical and the result of substitution.
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Figure 10 The relation between the Vp & Sw.
8 M. El-Bahiry et al.The relation shows that the response of Vp has the same
range at different saturation, so we can’t know if the bright
at seismic mean residual or economic gas.
The result of Post-stack inversion is the P-Impedance at the
well location and the other fairway .The arbitrary line (Fig. 11)
shows the Post-stack inversion result and it shows that the
eastern part of Sinbad area has the same response so it will
not solve the problem and we need to make Pre-stake
inversion.
The result of Pre stack inversion is depending on the Angle
stack (Near, Mid and Far) and the result P-Impedance, S-Figure 11 Arbitrary line from well location to the fair way (
Please cite this article in press as: M. El-Bahiry et al., Reservoir characterization us
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about the channel.
And we can make addition information from Pre-stack by
the relation between Vp, Vs & q (Fig. 13).
The result of Pre stack is the P-Impedance, S-Impedance,
Density and Vp/Vs ration. The P-impedance and Vp gave infor-
mation on the nature of the lithology and fluid. The S-
impedance and Vs give information on the lithology because
S-wave cannot pass through liquids. For the same porosity,
rocks filled by gas have smaller k–q than rocks filled by water
or oil. The value of P-impedance at the northern part is slightly
higher than the P-impedance at Sinbad well location and post
stack results are not a well represented property. The value of
S-impedance at the northern part is less than S-impedance at
Sinbad well location and it indicates the Sinbad location has
clean sand than the other locations.
7. Conclusion
The main aim of the project was to create an integrated seismic
reservoir characterization workflow for the area of interest
including different methodologies such as: seismic attributes,
rock physics analysis and inversion. Therefore, the primary
aim of this study was to know difference of gas saturation at
the eastern part and drilled area so, applying the previous
methods at study area we get that, the eastern part of Sinbad
has gas but we can’t know if it is economic or residual gas
because the different saturation gives us the same impedance
and the Post stack inversion does not have difference but the
Pre stack inversion gives some information about the
lithology.1) Seismic section and (2) Post stack result (P-impedance).
ing ﬂuid substitution and inversion methods, oﬀshore West Nile Delta, Egypt,
Figure 12 Arbitrary line from well location to the fair way for result of pre stack (1) Seismic section, (2) P-Impedance, (3) S-impedance
and (4) Density.
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Figure 13 Arbitrary line from well location to the fair way for result of pre stack (1) Vp/Vs, (2) Lambda Rho, (3) Mu Rho and (4)
Poisson’s ratio.
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